Introduction {#S0001}
============

Laryngeal carcinoma is a common tumor among head and neck malignancy, accounting for 0.5--1% new cancer cases or deaths of all tumors throughout the body.[@CIT0001],[@CIT0002] The larynx is an important vocal and respiratory organ, how to preserve the function of the larynx after eradicating the tumor has always been the problem of surgical treatment. Radiotherapy (RT) can be used in some early laryngeal cancer, but most patients suffer from impaired function of the mucous and glandular of the pharynx, xerostomia (sensation of dryness in the mouth), dysphagia (difficulty in swallowing), and significantly decreased life quality.[@CIT0003],[@CIT0004] Meanwhile, radiotherapy may induce thyroid cancer and other head and neck cancers sometimes.[@CIT0003] Laser or part resection of throat may retain the laryngeal function of patients with early laryngeal cancer. But after the laser treatment or part surgeries of throat, the patient's quality of pronunciation is not satisfactory.[@CIT0005] For advanced laryngeal cancer and recurrent laryngeal cancer, the retention rate of laryngeal function is very low at present.[@CIT0006] Biomarkers represent important tools that contribute to diagnosis, prognostic or prediction, respectively. It is very important to find a biomarker which could impact diagnosis or prognosis for laryngeal carcinoma.

Cancer is caused by uncontrolled cell division and abnormal cell proliferation due to variety reasons.[@CIT0007] Cell division is driven by cyclins, cyclin-dependent kinases (CDK) and other components of the core cell cycle machinery.[@CIT0008],[@CIT0009] Present studies indicate that almost all the cyclins play a key role in tumorigenesis and cancer progression.[@CIT0010] CCNY (Cyclin Y) is a highly conserved cell cycle protein of the cyclin superfamily of proteins which is firstly found in *Drosophila*.[@CIT0011],[@CIT0012] CCNY is generally expressed in human tissue cells (especially in brain and lung tissues) with a very low level, only highly expressed in testicular tissue cells.[@CIT0013] However, high level of CCNY protein is found in various human tumor tissues and cell lines such as colorectal cancer, breast cancer and brain glioma.[@CIT0013]--[@CIT0015] In our previous study, CCNY was highly expressed in lung cancer tissues and lung cancer cells comparing to adjacent normal tissues from lung cancer patients or HEK293 cells.[@CIT0016] In lung cancer cells, ovarian cancer cells, hepatocellular carcinoma cells, glioma cells and breast cancer cells, cell growth was regulated by the expression of CCNY.[@CIT0014]--[@CIT0019] It seems that CCNY plays important roles in cancer cell proliferation and CCNY might be an effective biomarker in tumors. The function of CCNY in laryngeal carcinoma cells was explored in this paper.

Materials and Methods {#S0002}
=====================

Reagents {#S0002-S2001}
--------

RPMI 1640 and FBS (Fetal Bovine Serum) were purchased from Thermo Fisher (Waltham, MA); anti-CCNY, anti-GAPDH, anti-ERK1/2, anti-MEK, anti-pERK1/2, anti-cyclin E and anti-pMEK antibodies were obtained from Abcam (Cambridge, England, UK); Muse^®^ Count & Viability Kit and Muse™ Cell Cycle Kit were from Millipore (Bedford, MA, USA); CellTiter 96^®^ AQueous One Solution Cell Proliferation Assay (MTS) was bought from Promega (Madison, WI, USA); Bisbenzimide Hoechst 33342 were purchased from Sigma (St. Louis, MO).

Cell Line {#S0002-S2002}
---------

Laryngeal carcinoma Hep2 cell line was kept by Beijing Chest Hospital, Capital Medical University/Beijing Tuberculosis and Thoracic Tumor Research Institute from 1986. The study and use of Hep2 were reviewed and approved by the Research Ethics Committee in Beijing Chest Hospital, Capital Medical University as well as Beijing Obstetrics and Gynecology Hospital, Capital Medical University.

Construction of Recombinant Lentiviral Vectors and Infection into Cells {#S0002-S2003}
-----------------------------------------------------------------------

Recombinant lentiviral vectors were designed and packaged in HEK293T cells by GeneChem (Shanghai, China). The sgRNA sequence designed based on the human ccny mRNA (NM_181698) sequence was 5ʹ-TGAATGTGCCATCGTCACCC-3ʹ, 5ʹ-TGAACAGTGTCCGAACGAAC-3ʹ, 5ʹ-TAGATATCTGTCCGGCCAAC-3ʹ.

For cellular infection, cells were cultured at 6000 cells/well in 96-well culture plate and infected with recombinant lentivirus 24 hrs later. Stable clones were selected and identified by Western blot.

MTS Assay {#S0002-S2004}
---------

Cell proliferation ability was assessed using the MTS assay. Briefly, 4000 cells/well were subcultured in 96-well culture plates. For the next 4 days, 20 μL MTS were added to each well and incubated at 37°C for 3 hrs each day. The absorbance was recorded at 490 nm by a microplate reader. The assay was repeated at least three times and the data are presented as the mean ± standard error of the mean.

Cell Proliferation Assay {#S0002-S2005}
------------------------

Cells were subcultured in 96-well culture plates at 37°C. The next day, cells were washed three times with RPMI 1640 medium and nuclei were stained with Hoechst 33342 for 10 mins. After washing 3 times in RPMI 1640 medium, the total number of cells were counted by Cellomics Array Scan HCS Reader. The assay was repeated at least three times and the data are presented as the mean ± standard error of the mean.

Colony Formation Assay {#S0002-S2006}
----------------------

Cells were seeded in a 6-well plate at 300 cells/well and cultured in RPMI 1640 medium with 10% FBS. The cells were cultured for 8 days. At last, the cells were washed twice with PBS, stained with 2% Gentian violet for 20 mins, and then washed with water. The number of colonies with \>50 cells in each well was counted. The assay was repeated at least three times in triplicate.

Anchorage-Independent Growth Assay {#S0002-S2007}
----------------------------------

A total of 1000 cells were resuspended in 1 mL of 0.6% soft-agar in 6-well plates coated with 1.2% soft-agar. 21 days later, the number of colonies was counted manually. All experiments were performed in triplicate and at least repeated three times.

Western Blot Analysis {#S0002-S2008}
---------------------

Total proteins (10 μg/well) were separated using 12% SDS-PAGE and then wet-transferred onto nitrocellulose membranes. After blocked by 5% milk, membranes were incubated with primary antibodies overnight at 4°C. Then, the membranes were incubated with corresponding HRP-conjugated secondary antibodies for 2 hrs at room temperature. Protein levels were detected by using the ECL reagents.

Cell Cycle Analysis {#S0002-S2009}
-------------------

Cell cycle was detected by Muse™ Cell Cycle Kit. Briefly, cells were washed by PBS and fixed by ice-cold 70% ethanol overnight at −20°C. Ethanol-fixed cells were stained by Muse™ Cell Cycle Reagent and analyzed on Muse™ Cell Analyzer.

Statistical Analysis {#S0002-S2010}
--------------------

All values are expressed as the mean ± SEM. For comparison, the statistical differences of 2 groups, unpaired Student's *t*-test was used by SPSS Statistics, version 19.0. P\<0.05 (\*) was considered different; P\<0.01 (\*\*) was considered significantly different.

Results {#S0003}
=======

Cell Proliferation Ability Was Inhibited by the Suppression of CCNY Expression {#S0003-S2001}
------------------------------------------------------------------------------

In order to determine the function of CCNY in laryngocarcinoma, CRISPR/CAS9 technique was used to construct CCNY knock-out cells. As shown in [Figure 1A](#F0001){ref-type="fig"}, three different sgRNAs, sgCCNY-1, 2, 3, were used via infection of recombinant lentivirus. The CCNY level was almost disappeared when sgCCNY-3 was used. It indicated that the sgCCNY was the most effective sgRNA. In order to exclude off-target effect, three clones (CCNY cas9 clone-1, CCNY cas9 clone-2, CCNY cas9 clone-3) derived from cells with sgCCNY3 were used in the following research ([Figure 1B](#F0001){ref-type="fig"}).Figure 1Cell growth ability was suppressed by the knock-out of CCNY. (**A**) CRISPR/CAS9 technique was used to construct the CCNY knockout cell strains. Three different sgCCNYs (sgCCNY-1, sgCCNY-2, sgCCNY-3) were used. The left panel, the expression level of CCNY was detected by Western blot, with GADPH used as the internal loading controls. The right panel, the level of CCNY was quantified by gray analysis. \*P\<0.05 (*t*-test). (**B**) Three CCNY knock-out cell clones (CCNY cas9 clone-1, CCNY cas9 clone-2, CCNY cas9 clone-3) derived from cells infected by recombinant lentivirus with sgCCNY-3 were identified by Western blot. (**C**) Cell growth curve was determined by cell counts. The total number of cells were counted by Cellomics ArrayScan HCS Reader. \*\*P\<0.01 (*t*-test). (**D**) Colony formation efficiency of cells. The data are expressed as the mean ± standard error. \*\*P\<0.01 (*t*-test). (**E**) Soft-agar colony formation ability of cells. The data are expressed as the mean ± standard error. \*\*P\<0.01 (*t*-test).

Cell growth curve was drawn by cell counts. In Hep2 cells, cell proliferation was inhibited by the knock-out of CCNY ([Figure 1C](#F0001){ref-type="fig"}). Same results were obtained in colony formation assay and anchorage-independent growth assay ([Figure 1D](#F0001){ref-type="fig"} and [E](#F0001){ref-type="fig"}). The number of colonies were obviously decreased when the expression level of CCNY was suppressed.

Cell Growth Was Enhanced by the Up-Regulation of CCNY {#S0003-S2002}
-----------------------------------------------------

As shown in [Figure 2A](#F0002){ref-type="fig"}, CCNY was re-expressed in CCNY knock-out Hep2 cells. MTS assay was used to detect the cell growth curve of Hep2 cells. As a result, cell growth ability was elevated when CCNY was re-expressed in Hep2 cells ([Figure 2B](#F0002){ref-type="fig"}). In colony formation assay, colonies were increased by the up-regulation of CCNY ([Figure 2C](#F0002){ref-type="fig"}). Similar results were got in the soft-agar formation assay ([Figure 2D](#F0002){ref-type="fig"}). It indicated that cell proliferation was regulated by the expression of CCNY.Figure 2Cell proliferation was enhanced by the overexpression of CCNY. (**A**) CCNY was re-expressed in Hep2 cells by the infection of recombinant lentivirus. The left panel, the expression of CCNY was determined by WB. GAPDH is used as a loading control. The right panel, the level of CCNY was quantified by gray analysis. \*\*P\<0.01 (*t*-test). (**B**) Cells were subcultured in 96-well plates and an MTS assay was performed. Absorbance at 490 nm (y axis) was determined at every 24-hrs interval. The data are expressed as the mean ± standard error. \*\*P\<0.01 (*t*-test). (**C**) Colony formation efficiency of cells. The data are expressed as the mean ± standard error. \*P\<0.05 (*t*-test). (**D**) Soft-agar colony formation ability of cells. The data are expressed as the mean ± standard error. \*\*P\<0.01 (*t*-test).

CCNY Promoted the Expression of Cyclin E via MAPK/ERK Signaling Pathway {#S0003-S2003}
-----------------------------------------------------------------------

In order to study the mechanism of CCNY, cell cycle analysis was carried out. As indicated in [Figure 3](#F0003){ref-type="fig"}, the percentage of cells in G0/G1 phase was increased in CCNY knock-out Hep2 cells. And the population of cells entering S phase was decreased by the suppression of CCNY expression. It illustrated that the down-regulation of CCNY leads to cell cycle G1/S arrest in Hep2 cells. Cell cycle distribution was also controlled by the up-regulation of CCNY in Hep2 cells. Cells entering S phase was increased obviously while cell population of cells in G0/G1 phase was obviously decreased due to the overexpression of CCNY in Hep2 cells ([Figure 4](#F0004){ref-type="fig"}). We thought that cell cycle progression could be regulated by the expression of CCNY.Figure 3Cell cycle G1/S phase arrest was induced by the suppression of CCNY expression. Cell cycle distribution of cells was determined by flow cytometry. The histogram showed the statistical data expressed as the mean ± standard error. \*P\<0.05 (*t*-test), \*\*P\<0.01 (*t*-test).Figure 4Cell cycle analysis. Cell cycle distribution of cells was determined by flow cytometry. The histogram showed the statistical data expressed as the mean ± standard error. \*P\<0.05 (*t*-test).

The level of proteins regulating cell proliferation was also detected by Western blot. The phosphorylation level of MEK and ERK1/2 as well as cyclin E level was weakened when CCNY was down-regulated in Hep2 cells ([Figure 5A](#F0005){ref-type="fig"}). And phosphorylation level of MEK and ERK1/2 as well as cyclin E level was up-regulated when CCNY was re-expressed in Hep2 cells ([Figure 5B](#F0005){ref-type="fig"}). But the phosphorylation level of p38, Rb, Akt and β-catenin was not affected by the expression of CCNY ([Figure 5C](#F0005){ref-type="fig"} and [D](#F0005){ref-type="fig"}). It indicated that CCNY regulated cell cycle progression by promoting the expression of cyclin E via activating MAPK/ERK signaling pathway.Figure 5CCNY could induce cyclin E expression via MEK/ERK signaling pathway. (**A** and **B**) Western blot analysis of ERK1/2, MEK and their phosphorylated forms as well as cyclin E. GAPDH was used as internal loading controls. The levels of proteins were quantified by gray analysis as shown in the right panel. \*P\<0.05 (*t*-test), \*\*P\<0.01 (*t*-test). (**C** and **D**) The levels of pAKT, AKT, p β-catenin, β-catenin, pp38, p38, pRb, Rb were detected by Western blot. GAPDH was used as internal loading controls.

Discussion {#S0004}
==========

CCNY is a novel cyclin and plays very important roles in tumor cells. In this paper, we found that cell growth was obviously inhibited by the suppression of CCNY expression while cell proliferation ability was enhanced due to the up-regulation of CCNY expression in Hep2 cells, a kind of laryngeal carcinoma cells. In our results, cell cycle G1/S progression was controlled by CCNY. It indicated that CCNY regulated cell cycle progression by promoting the expression of cyclin E via activating MAPK/ERK signaling pathway.

In Hep2 cells, CCNY knock-out cells were constructed successfully by CRISPR/CAS9 technique. The function of CCNY was examined in 3 CCNY knock-out Hep2 cell clones to exclude the off-target effect. Cell growth was examined by cell counts, MTS, colony formation assay and soft-agar colony formation assay. Down-regulation of CCNY attenuated Hep2 cell growth, colony formation ability and soft-agar colony formation ability. The cell proliferation ability was recovered when CCNY was re-expressed in Hep2 cells. These results were similar with those obtained in many other tumor cells. In human breast cancer cells, RNAi-mediated down-regulation of CCNY resulted in a significant reduction in cell growth and colony formation ability.[@CIT0015] Overexpression of CCNY significantly increased the cell proliferation in hepatocellular carcinoma cells (HCC), and tumor growth was enhanced by the up-regulation of CCNY expression in the xenograft mouse model.[@CIT0019] There were similar results in lung cancer cells, breast cancer cells, glioma cells and so on.[@CIT0014],[@CIT0015],[@CIT0017] Above all, CCNY was involved in the cell growth regulation pathway in many cancers.

The main function of cyclin is the regulation of cell cycle progression. The cell cycle distribution of Hep2 cells was determined by flow cytometry. As a result, cell cycle G1/S progression was controlled by CCNY expression. G1/S arrest happened by the blocking of CCNY expression. CCNY expression could also promote G1/S progression in Hep2 cells. In lung cancer cells, cell cycle G1/S progression was blocked by CCNY sgRNA.[@CIT0016] Breast cancer cells were arrested in the G0/G1 phase by knockdown of CCNY.[@CIT0015] It indicated that CCNY regulated cell proliferation by promoting cell cycle G1/S progression.

CCNY, as a cyclin, needs to interact with a CDK to form a cyclin/CDK complex to regulate the cell cycle progression. It is said that the CDK interacting with CCNY is CDK14 (PFTK1) or CDK16 (PCTK1).[@CIT0020]--[@CIT0022] Cell proliferation could be regulated by CCNY/PCTK1 complex.[@CIT0022],[@CIT0023] In HEK293 cells, the Wnt receptor LRP6 could be phosphorylated by CCNY/PFTK1 complex which could activate the canonical Wnt signaling pathway.[@CIT0024] It seemed that cell cycle G2/M progression was controlled by Wnt signaling pathway activated by CCNY/PFTK1.[@CIT0024],[@CIT0025] CCNY/PFTK1 complex could also activate Wnt signaling in HCC.[@CIT0025],[@CIT0026] In ovarian cancer A2780 cells, beta-catenin expression was increased in the nucleus when CCNY was overexpressed. It was thought that CCNY might promote cell proliferation via activating the Wnt signaling pathway.[@CIT0018] But we got different results in Hep2 cells, and cell cycle G1/S progression not G2/M was affected by the expression of CCNY. These results were similar with that obtained in lung cancers and breast cancer cells.[@CIT0015],[@CIT0016] The expression of β-catenin as well as its phosphorylated level was not affected by the level of CCNY. We thought that CCNY served to cell growth regulation independent of Wnt/β-catenin pathway. In order to explore the CCNY mechanism of promoting cell growth, the activity of several signaling pathways as well as the related proteins involved in cell proliferation regulation was determined. As a result, the phosphorylated levels of p38, Akt and Rb were not changed while CCNY was down-regulated or up-regulated. It indicated that MEK/ERK signaling pathway was regulated by the expression of CCNY in Hep2 cells. The MAPK signaling pathway plays a critical role in many important cellular processes. And MEK/ERK pathway is one of the MAPK signaling pathways and serve important role in cell proliferation, drug resistance and malignant transformation.[@CIT0027] Cell cycle progression was also controlled by MEK/ERK, and levels of cyclin D1, cyclin E, Cdk2, as well as Cdk4 were regulated by MEK/ERK pathway.[@CIT0028],[@CIT0029] Due to the important function of CDK2/cyclin E at the G1/S phase transition,[@CIT0030] we also detected the expression level of cyclin E. As expected, the level of cyclin E was changed by down-regulation or up-regulation of CCNY. We thought that CCNY promoting cell cycle progression by regulating the expression of cyclin E.

Conclusions {#S0005}
===========

In this study, the function of CCNY was explored in Hep2 cells. It indicated cell growth was controlled by the expression of CCNY. Further research illustrated that the G1/S phase transition was regulated by CCNY. We thought that the MEK/ERK signaling pathway could be activated by CCNY expression. At last, we also found that CCNY was involved in the cyclin E expression regulation. We thought that CCNY promoting cell cycle progression by stimulating the expression of cyclin E via MEK/ERK signaling pathway. Further studies are recommended to determine the role of CCNY as a potential biomarker in laryngeal carcinoma.
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